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PRELIMINARY STUDY OF THE DYNAMICS OF
HIGH LATITUDE NUCLEAR PLUMES

I. INTRODUCTION

The late time remnant of a High Altitude Nuclear Explosion (HANE) is a
region of greatly enhanced plasma density in the ionosphere and extended
along geomagnetic field 1lines into the magnetosphere. This remnant,
commonly called a nuclear plume, extends hundreds of kilometers perpendicu-
lar to the magnetic field and 10’s of thousands of kilometers along the
field. The plasma density in the plume is typically 106 to 108 cm'3 and
can be highly structured perpendicular to the magnetic field. These
nuclear plumes, which can exist for 10 hours or more, constitute a serious
threat to radio and microwave communication systems which rely on space
based assets. At low and mid geomagnetic latitudes, the late time motion
and evolution of nuclear plumes are reasonably well understood. They are
affected primarily by gravity which causes tie plasma to slowly fall and by
thermospheric neutral winds which can cause the plume to move perpendicular
to the magnetic field at 10 to 100 m secﬂl. This relatively slow motion is
typical of all ionosphere and magnetosphere plasma at 1low and mid
latitudes.

The situation at high latitudes, the auroral regions and polar caps,
is substartially different. Here the ionosphere and magnetosphere plasma
is electromagnetically connected to the solar wind. The convection is
responsible for large scale energetic current systems, the auroral
particles which precipitate into the ionosphere, and the plasma convection,
high velocity plasma flow at speeds which can exceed 1 km sec—l. Two
natural and important questions immediately arise. How do these dynamic
polar processes affect nuclear plumes? How do nuclear plumes affect the
polar plasma processes and the connection of the earth’s magnetosphere to
the solar wind?

We have recently developed a simulation model for the earth’s
magnetosphere and its interaction with the solar wind. The simulation
model allows the theoretical study of the polar currents, the auroral
plasma, and the plasma convection and how these natural processes are
affected by the solar wind. In a recent publication [Fedder and Lyon,
1987] we have discussed ihc <eolar wind-magnetosphere-ionosphere current-
voltage relationship. The simulation model also «can allow, with proper

alteraction, the study of HANE plasma at high latirudes.

Manuscript approved August 4, 1987,




In this paper we report the results of a preliminary study of HANE

;: plasma dynamics at high latitudes. The HANE plasma is modeled as a region

1 1 in the polar ionosphere with greatly enhanced conductivity. We report on

il- the modification which this enhancement causes in the polar currents and

xﬁ the plasma convection. We discuss the implications of these results for
; high latitude HANE dynamics. Finally, we suggest future research studies

E . to further elucidate the problem.

N

;i II. MODEL

L: The simulations are based on the ideal MHD equations which are used to
N

describe the solar wind and the outer (beyond 3.3 Re) magnetosphere. They

oy

are given as follows.
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. wvhere the symbols have their common usage. For the magnetospheric-solar
) wind region of interest the major error in these equations is the neglect
:f: of the so-called Hall term, m/pe(j x B), on the right hand side of (6).
,j: These equations are solved as an initial value problem to a quasi-steady
’;j state for a given solar wind condition.

“' Qur recent simulations have included a number of innovations.
s First, the development ot a fully-nonlinear, high-accuracy algorithm for
o
‘;4 solution of the MHD equations [J.G. Lyon, manuscript in preparation].
.:ﬂ Sercond, the use of a spider web numerical grid which is rotated around the
M

; sun-earth axis to provide a 3-dimensional cylindrical mesh which gives
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high resolution in important regions (i.e., the dayside magnetopause, the

- e

polar open field line region). Third, the inclusion of a model for the

&L conducting ionosphere, which provides a physical inner boundary to the MHD
g system. Specifically, the ionosphere is modeled electrostatically,
"a
e
e 9-I-E=1J,. 7)
."'. = e II
A
:-T' The parallel current density, J”, is calculated at the inner boundary (3.5
BN Rp geocentric radius) of the MHD mesh. It is mapped along dipole field
L]
W lines to the ionosphere where the electric field, E, is computed using a
N =
‘:{: conductivity model for the ionosphere. The electric field is then mapped
AN

outward to the inner boundary where it is used as a boundary condition for

both the momentum balance equation and for Faraday’s Law. The system of

L

;E equations (1) thru (7) form. a closed set with the conductivity, 5,
;!: provided. They also constitute a realistic, restricted physical model for
‘}?ﬁ magnetosphere-ionosphere coupling. The main effects ignored are the
@ Alfven propagation time from 3.5 Re to the ionosphere, the possible

o

r:: existence of field aligned potentials, and the enhancements to conductiv-

B \ 0] . . .

,f:; ity created by precipitating auroral particles.

':hq For the results presented here we have used steady solar wind
H conditions with density, n = 5 cm“3, velocity, V = 400 km sec—l, tempera-
.

aﬂ; ture, T = 10 ev, and IMF, B = 5 nT southward. We have also used a uniform

%

'E:' ionospheric conductance 2.5 mho. The HANE plasma plume is modeled as an
hr enhancement of the ionospheric conductance to 1000 mho with a horizontal
Wl

extent in the ionosphere of about 500 km. The magnetosphere was allowed
:"i; to achieve a quasi-steady state for the given solar wind and uniform
i;ﬁ( conductance before introduction of the HANE conductivity enhancement.
'._’s
o]
." III. RESULTS

N The results of the simulation study are demonstrated with contour

f:- plots of the high latitude field aligned currents and the polar electric
.;Q potential. Figure 1 shows the currents and potential before introduction
Wt .. , .
4eh of the high conductivity region. The currents in the left plot show the
® . .

o Region 1 and Region 2 Birkeland current systems. The Region 1 currents
H '.‘

o are out of (positive) the ionosphere 1in the afternoon-evening and into
k) l*"

tj{ (negative) the ionosphere in the morning. The Region 1 currents are the
A . o . :

- driving currents for the polar convection and originate in the solar wind-
}%r magnetosphere dynamo as discussed ir Fedder and Lyon [1987]. The Region 1
&
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current sheets also delineate the boundary between open magnetic field
lines connecting to the solar wind and the earth’sciosed field lines at
lower altitudes. The right plot in Fig. 1 shows electric potential
contours which are also flow lines for the plasma convection. The flow is
distributed uniformly across the polar cap 1in the antisolar direction
(noon to midnight) and returns toward the dayside as lower latitudes. The
antisolar flow occurs essentially on open magnetic field and sunward flow
on closed field.

For this preliminary study the conductivity enhancement, simulating
the HANE plume plasma, was inserted in the northern polar ionosphere just
poleward of the afterncon-evening Region 1 current sheet at 77° magnetic
latitude and at an hour angle of 14:30. Figures 2, 3 and 4 show the
results in a temporal sequence during the continuing simulation. There
are a number of notable features in the results. First, the Birkeland
current patterns are essentially undisturbed by the introduction of the
HANE conductivities. Second, the potential patterns and plasma convective
flow avoid the region of enhanced HANE conductivity. Third, after a very
quick adjustment to the HANE conductivities lasting less than 5 minutes
the currents and flow become quasi-steady and are essentially unchanged
for the next 15 minutes. A final notable feature seen in both the north
and south polar regions, Figs. 4 and 5, 1is the dramatic shift of high
speed antisolar plasma convective flow from the afternoon side of the
polar region toward the morning side. We will discuss these features and

their physical cause in the following section.

Iv. DISCUSSIOMN AND CONCLUSIONS

The results presented in the pravious section allow us to begin to
form some tentative conclusions concerning the dynamics of HANE plasma
plumes and their interaction with the high latitude environment. The
apparent absence of major morphological changes to the Birkeland current
patterns shown in Figs. 2 - 5 showv that the HANE conductivity enhancement
does not effectively couple to the solar wind magnetosphere dynamo. This
result is consistent with our previous results in Fedder and Lyon [1987]
which showed that increasing polar conductivities reduce the power
delivered by the solatr wind to the magnetosphere-ionosphere. There are
some perturbations to the polar current pattern along the edges of the

plume but both the current density and the total current are much smaller

than that in the Region 1 current system.
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‘i The changes to the potential pattern and the convective flow of
M

K :} plasma in the polar region is much more remarkable. The results

I . .
b demonstrate that the plume polarizes so as to exclude the polar electric

fields. This leads to the plasma convection flowing around the

§S$ conductivity enhancement. 1Inside the enhancement the electric field and
X therefore the plasma speed perpendicular to the geomagnetic field is more
K:; than an order of magnitude less than that outside. This result indicates
) - that HANE plumes should be expected to evolve only very slowly at high-
4 > latitudes and not participate in the general plasma convective flow. This

is an important result since it indicates that high latitude HANE plasma

plumes should be very long lived and should decay very slowly owing

ESAe

primarily to the effects of gravity and plasma recombination in the

Bl

the Kelvin-Helmholtz instability (Keskinen et al., 1987).

.$F ionosphere. Also, because of the strong shielding of the convective
ti; electric field one would not ‘expect plumes to structure by the gradient
Eﬁi drift instability. On the other hand, the strong velocity shear which
:E‘ will occur at the plume boundary could 1lead to erosion of the plume via

-

The final notable result is the shift of strong convective flow from

the afternoon side of the polar cap toward the morning side as

LA i
PN RN

demonstrated in both Figs. 4 and 5. This result indicates that, although

—

the conductivity enhancement does not couple strongly to the solar wind-

X
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,

magnetosphere dynamo, the normal coupling of the ionosphere to the dynamo

.
L

is changed. The change occurs by causing the dayside magnetic

D e

03

T SV |

reconnection region, the source of the dynamo, to move towards the morning

side of the magnetosphere and may also involve changes in the external

sf: shape of the magnetosphere. A complete understanding of the detailed
;::E nature of these changes will require further study.
::*: There is one other effect not mentioned in the results section that
!‘ deserves discussion. If one examines the temporal sequence, Figs. 1
':ét through 4, one notices a gradual decrease in both the polar cap potential
E::; and the intensity of the Region I Birkeland currents. More careful
;Ejf examination also indicates a shrinkage in the area of the polar cap,the
.'.'- open field line region, and a decrease in the width of the dayside anti-
::3 sunwvard flow. Whether this decrease is caused by the HANE conductivity
ﬁz; enhancement or by a quasi-steady oscillation of the magnetosphere system
§j§ is not yet clear and will require further study. Nevertheless, it is
:;: consistent with our previous vresults showing reduced efficiency for the
:ﬁ: solar wind-magnetosphere dynamo in the presence of enhanced polar
5:5 ionosphere conductivities.

;:t

e .
s

)

\

W e s c e cm - mr e e A-m- m- -
T R B AR TR e A,
e e e

D

o
[
#,




-

s

s

X
°
»
N

ra

p— ) . - o oo ”
Frr S,

- o

g

»

GNRY

1 -
Oy

S YA vy o

-

O

RN

oS O

TR DL W

a

;'Jﬂ' b L .

P d

»

'
.

x
RV P

N

Il

£l

ey

5

RN B0/

The results and conclusions here are preliminary and therefore
tentative for a number of reasons. First, the model of the HANE plasma
plume as a conductivity enhancement ignores the great volume of HANE
plasma extended along the geomagnetic field into the magnetosphere. This
plasma at great altitudes could lead to additional effects not anticipated
in this report. Second, the numerical resolution in the polar ionosphere
is rather coarse and the plasma conductivity enhancement occupied
essentially a single numerical cell. Higher resolution simulations are
necassary to confirm these preliminary results. Third, the results
presented here consider only a single HANE plasma plume at one location in
the polar region. Additional simulations are required to investigate the
effects of HANE plasma plumes in different 1locations and the effects of
multiple HANEs in the high latitude ionosphere-magnetosphere. Finally,
the conductivity enhancement in this simulation was held fixed in space
throughout the calculation. The motion of the HANE plume could become
important over temporal scales of an hour or more as it drifts and
distorts, however slowly, in the reduced high latitude convection field.
In the future, we intend to remove these previously mentioned limitations
or thc ~urrent simulation model and to thereby improve the accuracy of the

results.
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:i{ max imum value = 7.534E-07 maximum value = 7.485E+04
- minimum value = -6.168E-07 minimum value = -8.523E+04

.:'_"j Figure 1: The field-aligned currents (amp/mz) on the left and electric
a: potential (volts) on the right as a function of magnetic
::J latitude, 60°-90°, and solar hour angle. For currents, the
'_J. solid (dashed) contours indicate out of (into) the ionosphere;
.r"‘"- and for voltage, solid (dashed) contours indicate positive
f‘: (negative) potential. The contours are for initial conditions
"_, for HANE plume simulations. The current contours show the
;'.'J Region 1 system between 70° and 80° magnetic latitude, and the
"-': Region 2 currents at lower latitude. The potential contours
r\: shov the anti-sunward plasma convection above about 75°
;.\ latitude and sunward convection at lower latitudes. Contours
S are spaced evenly between the maximum and minimum values
.7_'.': indicated.
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y Figure 4: Same as Figure 2 but 15 minutes later.
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01CY ATTN STRATEGIC TECH OFFICE

DEFENSE COMMUNICATION ENGINEER CENTER
1860 WIEHLE AVENUE
RESTON, VA 22090

01CY ATTN CODE R410

01CY ATTN CODE R812

DIRESCTOR
DEFENSE NUCLEAR AGENCY
WASHINGTON, DC 20305
01CY ATTN STVL
ouCy ATTN TITL
C1CY ATTN DDST
730Y ATTN RAAE

CCMMANDER

TIZLD TOMMAND

DEFENSE NUCLEAR AGENCY

KIRTLAND, AFB, NM 87115
017Y ATTN FCPR

DEFENSE NUCLEAR AGENCY

SAO/DHNA

3UILDING 20675

XIRTLAND AF3, NM 87115
012y D.C. THORNBURGS

. gy

s A

AR O NORAND T RO A \
(O ESANN A ‘f:t‘?:f“nl oA ‘“"l‘.ﬁ":ﬁ‘:.'u':.‘n':?o‘:'a'.'n':'s’:

DIRECTOR
INTERSERVICE NUCLEAR WEAPONS SCHOOL
KIRTLAND AFB, NM 87115

01CY ATTN DOCUMENT CONTROL

JOINT PROGRAM MANAGEMENT OFFICE
W.SHINGTON, DC 20330
C1CY ATTN J-3 WWMCCS EVALUATIOHN
QFFICE

DIRECTOR
JOINT STRAT TGT PLANNING STAFTF
OFFUTT AFB
OMAHA, NB 68113
01CY ATTN JSTPS/JLKS
01CY ATTN JPST C. GOETZ

CHIEF
LIVERMORE DIVISION FLD COMMAND DN&
DEPARTMENT OF DEFENSE
LAWRENCE LIVERMURE LABORATORY
P.O. BOX 808
LIVERMORE, CA 94550
01CY ATTN FCPRL

COMMANDANT
NATO SCHOOL (SHAPE)
AP0 NEW YORK 09172
01CY ATTN U.S. DOCUMENTS OFFICER

UNDER SECY OF DEF FOR RSCH & ENGRG
DEPARTMENT OF DEFENSE
WASHINGTON, DC 20301
01CY ATTN STRATEGIC & SPACE
SYSTEMS (0S)

COMMANDER/DIRECTOR

4TMOSPHERIC SCIENCTS LABORATCRY

J.S. ARMY ELECTRONICS COMMAND

WHITE SANDS MISSILE RANGE, NM 88002
OrcYy ATTN DELAS-EO, 7. NILE

DIRECTOR
8MD ADVANCED T=
HUNTSVILLE OFFI
P.0. 30X 1500
HUNTSVILLE, AL 23 !
01CY ATTN ATC-T MILVIN T, CAPPS
01CY ATTN ATC-2 W. DAVIES
21CY ATTN ATC-2 DON RUSS
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PROGRAM MANAGER
3MD PROGRAM OFFICE
5001 EISENHOWER AVeNU:
ALEXANDRIA, VA 22333
01CY ATTN DACS-BMT J. SHEA
CHIEF C-£- SERVICES DIVISION
U.S. ARMY COMMUNICATIONS CMD
PENTAGON RM 1B269
WASHINGTON, DC 20310
01CY ATTN C- E-SERVICES DIVISION
COMMANDER
U.S. ARMY COMM-ELEC ENGRG INSTAL AGY
FT. HUACHUCA, AZ 85613
21CY ATTN CCC-EMEO GEORGE LANE
COMMANDER
J.S. ARMY FOREZIGN SCIENCE &
220 7Th STREET, NE
CHARLOTTESVILLE, VA 22901
01CY ATTN DRXST-S2

TECH C

-
o ¢]

COMMANDER

JU.S. ARMY MATERIAL DEV & READINESS CMD

5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333

01CY ATTN DRCLDC J.A. BENDER
COMMANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BATKLICK ROAD
3LDG 2573
SPRING rIE D, VA 22150

01CY TN LIBRARY

DIRECTOR

J.S. ARMY BALLISTIC

LASOPATORY

ABERDZIEN PROVING GROUND, ™D
51C2Y  ATTN TECH LUIZFARY

ZDWARD BAICY

RESEARCH

210053

COMMANDER
J.S. ARMY SATCOM AGENCY
FT. MOWNMOUTH, “J 07703
21CY  ATTN DOCUMENT CONTROL

COMMANDER
J.S. ARMY MISSILEZ INTIZILLIGENCE AZZINCY
EDSTONE ARSENAL, AL 3580¢

SUTYATTN JIM GaMBLE

‘0. Q' .’. .'

d"‘-."a!' ¥, by Q"" W t.. Y -‘a qi.‘.

DIRECTOR

U.S. ARMY TRADOC SYSTEMS ANALYSIS

ACTIVITY

WHITE SANDS MISSILE RANNGE, NM 880
C1CY ATTN ATAA-GA
01CY ATTN TCC/F. PAYAN JR.
01CY ATTN ATTA-TAC LTC J. HES

COMMANDER
NAVAL ELECTRONIC SYSTEMS COMMAND

D2

S

M

WASHINGTON, DC 20360
01CY ATTN NAVALEX 034 T. HUGHES
01CY ATTH PME 117
01CY ATTN PME 117-7
01CY ATTN CODE 5011
COMMANDING OFFI1CER
NAVAL INTELLIGENCE SUPPORT CTR
43C1 SUITLAND ROAD, BLDG. 5
WASHINGTON, DC 20399
01CY ATTN MR. DUBBIN STIC 12
01CY ATTN NISC-50
01CY ATTN CODE 5404 J. GALET
COMMANDER
NAVAL OCCEAN SYSTEMS CENTER
SaN DIEGO, CA 92152
1CY ATTN J. FERGUSON
NAVAL RESEARCH LABORATORY
WASHINGTON, DC 20375
01CY ATTN CODE 4700 S.L. Ossakow,
26 CYS IF UNCLASS
(01CY IF CLASS)
ATTN CODE 4730 J.D. HUBA, 58
CYS IF UNCLASS, 01CY IF CLASS
01CY ATTN CODE ¢701 I. VITKOVITSKY
01CY ATTN CODE 7500
01CY ATTN CODE 755C
0iCY ATTN CODE 7580
0ilY ATTN CODE 7531
01CY ATTN CODE 7555
01CY ATTN CODE 4730 E. MCLEAN
01CY ATTN CODE 4752
01CY ATTN CODE 4730 3. RIPIN
2QCY ATTN CODE 2628

COMMANDER

NAVAL SPACE

DAHLGREN, VA
291CY  ATTN

SURVEILLANCE SYSTEM
22448
CAPT J.H.
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N OFFICER-IN-CHARGE AIR FORCE AVIONICS LABORATORY
W NAVAL SURFACE WEAPONS CENTER WRIGHT-PATTERSON AFB, OH 45433
1 WHITE OAX, SILVER SPRING, MD 20910 01CY ATTN AAD WAIE HUNT
. 01z ATTN CGDE F 3 01CY ATTN AAD ALLEN JOHNSON
1,9

)y, DIRECTOR DEPUTY CHIEF OF STAFF
S STRATEGIC SYSTEMS PROJECT OFFICE RESEARCH, DEVELOPMENT, & ACQ
b DEPARTMENT OF THE HNAVY DEPARTMENT OF THE AIR FORCE
s WASHINGTON, DC 20376 WASHINGTON, DC 20330

! 01CY ATTI NSP-2141 S1CY  ATTN AFRDQ
o 01CY ATTN NSSP~27:2 FRED WIMBERLY
! HEZADQUARTERS
;3 COMMANDER ELECTRONIC SYSTEMS DIVISION
w5 NAVAL SURFACE WEAPONS CENTER DEPARTMENT OF THE AIR FORCE
Ny DAHLGREN LABORATORY HANSCOM AFB, MA 01731-5000
( DAHLGREN, VA 22u4u8 01CY ATTN J. DEAS
\ 01CY ATTN CODE DF-14 R. BUTLER ESD/SCD-4

1

< OFFICER OF NAVAL RESEARCH COMMANDER

W ARLINGTON, YA 22217 FOREIGN TZCHNOLOGY DIVISION, AFSC

01CY ATTN CODE U465 WRIGHT-PATTERSON AFB, OH 45433

o 01CY ATTN CODE Uuéi 01CY ATTX NICD LIBRARY
"® 01CY ATTN CODE 402 01CY ATTN ETDP B, BALLARD
R 01CY ATTN CODE 420

o 01CY ATTN CODE 421 COMMANDER
;j- ROME AIR DEVELOPMENT CENTER, AFSC
2 COMMANDER GRIFFISS AFB, NY 13441
;f LEROSPACE DEFENSE COMMAND/XPD 01CY ATTN DOC LIBRARY/TSLD
b DEPARTMENT OF THE AIR FORCE 01CY ATTN OCSE V. COYNE
: ENT AFB, CO 80912
e 01CY ATTN XPDQQ STRATEGIC AIR COMMAND/XPFS
& 01CY ATTN XP OFFUTT AFB, NB 63113
N 01CY ATTN XPFS
K AIR FORCE GEOPHYSICS LABORATORY
B~ HANSCOM 4FB, MA 01731 SAMSD/MN
- 01CY ATTN OPR HAROLD GARDNER NORTON AFB, CA 92409

012Y ATTN LKB (MINUTEMAN)

. KENNETH S.W. CHAMPION 01CY ATTN MNNL
P 012Y ATTN OPR ALVA T. STAIR
o 912Y ATTN PHD JURGEN 3UCHAU COMMANDER
4j G12Y  ATTH PHD  JOHN 2. MULLEN R0MZ AIR DEVELGCPMINT CENTEIA, &Fse
Ky HANSCOM AFB, MA 01731

! AF WEAPONS LABORATORY 01CY ATTN EEP A. LORENTZEN
e LIRTLAND AFT, NM 87117

S 01CY ATTHN SUL DEPARTMENT OF EWSRG?

- 01CY ATTN CA ARTHU2 H. GUENTHER LI3BRARY ROOM G-0u2

! WASHINGTON, DC 20545

’ LTTAC 21CY  ATTN DOC CON FOR A. LAZOWITZ
M PATRICY AF3, FL 32925

® 01CY ATTHN TN DEPARTMENT OF ENERGY
— AL3URUERQUE OPERATIONS OFFICE
k< °.0. 80X 5400
.. LLBUQUEAQUE, NM 87113
- 01CY ATTN DOC CON FCR D. SHERWOOD !
@
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EC&G, INC.

LOS ALAMOS DIV

P.0O. BOX 809

LOS ALAMOS, nNM 8554y
01CY ATTN DOC CON

ISION

FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA
LAWRENCE LIVEERMORE LABORATORY

P.O. 30X 808
LIVERMCRE, CA 64550
01CY ATTN DOC CON FOR TECH INFO
DEPT
J1CY ATTN DOC CON FOR L-389 R. OTT
01CY ATTN DCC CON FOR L-31 R. HAGER
L0S ALAMGCS NATIONAL LABORATORY
3.0, 30X 1563
0SS ALAMOS, NM 87545
912Y ATTN DOC CON FOR J. WOLCOTT
CiCY ATTN DOC CON FOR R.F. TASCHEK
g1CY ATTN DOC CON FOR E. JONES
01CY LTTN DOC CCH FOR J. MALIK
§1CY «TTN DOC CON FOR R. JEFFRIES
01CY ATTN DOC CON FOR J. ZINN
01CY ATTN DOC CON FOR D. WESTERVELT
01CY ATTN D. SAPPENFIELD

LOS ALAMOS NATIONAL LABORATORY

MS Du38

LOS ALAMOS, NM 87545
C1CY ATTN S.P. GARY
01CY ATTN J. BOROVSKY

SANDIA LABORATORIES

P.O. 33X 5300

ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR W. BROWN
01CY ATTN DOC CON FOR A.

THORNBROUGH
217Y ATTN DOC CON FOR T. WRIGHT
332Y  STTN DOC CON FOR 2. DAHLGREN
01CY ATTN DOC CON FOR 3141
01CY ATTN DOC CON FOR SPACE PROJECT
oIv

SANIZIA LA3ORATCRIZS

LIVEAIMZRE LA3ORATORY

2.0. 3Cx 25§

LIVE2MORE, CA 94550
01'2Y ATTN DOC CON FQOR B. MURPHEY
01'CY ATT DCC CON FQOR T. COCK
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OFFICZ OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, DC 20545
01CY ATTN DOC CTON DR. YO SONZ
NAaTIONAL CCEANIC &
ENVIRONMENTAL RESEARCH LABORATORI
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

01CY ATTN R. GRUBB

ATMOSPHERIC AD

DEPARTMENT OF DEFENSE CONTRACTORS

MIN
£S

op

Al

INC

AEROSPACE CTCRPORATION
P,0. 230X c2657
LOS nNuLuES, ::‘\ 90009

01CY ATTHWN I. GARFUNKEL

01CY ATTN T. SALMI

01ZY ATTN V. JOSEPHSON

01CY ATTN S. BOWER

01CY ATTN D. OLSEN
ANALYTICAL SYSTEMS =NGINEERING CO
5 OLD CONCORD ROAD
BURLINGTON, MA 01303

01CY ATTN RADIO SCIENCES
AUSTIN RESEARCH ASSOC., INC.
1901 BUTLAND DRIVE
AUSTIN, TX 78758

01CY ATTN L. SLOAN

01CY ATTN R. THOMPSON
BERKELEY RESEARCH ASSOCIATES, INC.
P.0. 32X 983
BERKELEY, CA 94701

01CY ATTHN J. WORKMAN

01CY ATTN C. PRETTIE

01CY ATTN S. BRECHT
BOTING COM2ALNY, THE
P.0. BOX 3707
SEATTLE, WA 98124

01CY ATTN G. KEISTER

0icY &2TTN D. MURRAY

01CY ATTN G. HALL

Q1CY ATTHN J. KENNEZY
CHARLES STARK DRAPER LABORATORY,
555 TECHNZL_O0GY 3QUARE
CAMBRIDGE MA (C213Q

J1CY O ATTH 2.3, ICX

DI1CY  ATTH J.P. GILMORE
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S
{ﬁg COMSAT LABORATORIZS ILLINOIS, UNIVERSITY OF

4th 22300 COMSAT DRIVE 107 COBLE HALL
' CLARKSBURG, MD 20871 150 DAVENPORT HOUSE
o 01CY ATTN G. HYDE CHAMPAIGE, 1L 51820
R .ALL CORRES ATTN DALN MCCLELLAND)
ﬂhﬂ CORNELL UNIVERSITY 01CY ATTHN K. YZH
P, DEPARTMENT OF ELECTRICAL ENGINEERING
RN ITHACA, NY 14850 INSTITUTE FOR DEFENSE ANALYSES
A 01CY ATTN D.T. FARLEY, JR. 1801 NO. BEAUREGARD STREET

» ALEXANDRIA, VA 22311

5~$ ELECTROSPACE SYSTEMS, INC. 01CY ATTN J.M. AEIN
o BSX 1359 01CY ATTN ERNTST SAUER
\\§ RICHARDSON, TX 75080 01CY ATTN HANZ WOLFARD
e 01CY ATTN H. LOGSTON 01CY ATTN JOEL BENGSTON
N 01CY ATTN SECURITY (PAUL PHILLIPS)

: INTL TEL & TELEGRAPH CO-°ORATION

( ECS TECHNOLOGIES, INC. 500 WASHINGTON AVENUE

4 606 Wilshire Blvd. N@TLEY, HJ 07110

\' Santa Monica, CA 90401 01CY ATTL TECHNICAL LIBRARY
o 01CY ATTN C.B. GABBARD

Y 01CY ATTN R. LELEVIER JAYCOR

jﬁ 11011 TORRSYANA ROAD

° GENERAL ELECTRIC COMPANY P.O. BOX 85154

s SPACE DIVISION SAN DIEGO, CA 32138

A VALLEY FORGE SPACE CENTER 01CY ATTN J.L. SPERLING

~ GODDARD 2LVD KING OF PRUZ3IA
Lo P.0. BOX 2555 JOHNS HOPKINS UNIVERSITY
s PHILADELPHIA, PA 19101 APPLIED PHYSICS LABORATORY
N 01CY ATTH M.H. BORTNER JOHNS HOPKINS ROAD
r SPACE SCI LAB LAUREL, MD 20810
o 01CY ATTN DOCUMENT LIBRARIAN
uaﬁx GEOPHYSICAL INSTITUTE 01CY ATTN THOMAS POTEMRA
N UNIVERSITY OF ALASKA 01CY ATTN JOHN DASSOULAS
Ko, FAIRBANKS, AK 99701
th (ALL CLASS ATTN: SECURITY OFFICER) KAMAN SCIENCES CORP

01CY ATTN T.N. DAVIS (UNCLASS ONLY) P.O. BOX 7463
01CY ATTN NEAL BROWN (UNCLASS ONLY) ZOLORADO SPRINGS, £O 80933
01CY ATTN T. MEAGHER

SO

]
A

{tﬂ GTE SYLVANIA, INC.

- ELECTRONICS SYSTEMS GRP-EASTEIR:N CIV KAMAN TEMPG-CEINTZR FOR ADVANCED
et 77 A STREET STUDIES
‘*h: NEEDHAM, MA 02194 816 STATE STREZT (P.O DRAWER QQ)
™ 4 01CY ATTN DICK STEINHOF SANTA BARBARA, CA 93102
@ 01CY ATTN DASIAC
Lo, HSS, INC. 01CY ATTN WARREN S. KNAPP
- 2 ALFRED CIRCLE 01CY ATTN WILLIAM MCNAMARA
- BEDFORD, MA 01730 01CY ATTN B. GAMBILL
": . 01CY ATTN DONALD HANSEN
o LINKABIT CORP

: 10453 ROSELLE
,’ SAN DIZGO, CA 92121

01CY ATTN IRWIN JACOBS3

W'

)
[

)
®
b
s
a:l'l
":" »
® 17

!.‘ l.

MU A
"s'f“'f.';" " st ‘l'

(R I T Hi H 00 o N S b & ( W " ( Gttt t
b’; ), 0 .D. '0‘ 'l‘.' .. l I . i ‘Q l‘ ..' .g | ' ‘.“ e A Q ‘ ‘l‘q 6 D‘g, k i".l' oy ‘).!'Q t.;tl.g!l“ ‘.‘:‘g’&
Pl F) foll} AN PN FA M T A 0



Sy LCCKH 5 & SPACE 0., INC MITRE CORT
:?o °. 0. WESTGATE K
R SUNNY 25038 1820 ToLL v
i Q1CY ATTHN DEPT 10-11 VOLEAN, v
B CrIY  ATTN D.R. CHURCHILL S1CY A
f? 216V A 2
e LOCKHEED

o) 3251 HANO PAC

3 PALD ALTO 123

21Cy ° LO3

. o1CY B

p 212
oo PENNSYLVANIA STATE
tj 01l 12 IONOSHWHERE RESEARC
: 318 ELECTRICAL ENsSIN
N 3 come UNIVERSITY PaRK, P4
( : (NO CLASS TO THIS 4
- 5337 J1CY  ATTN IONLSPEE 5oL
L TL 22308

‘i TTN R. HEFFNER PHOTOMETRICS, INC.

2 4 ARROW DRIVE
e DOUGLAS CC2PORATION AOBURN, MA 01301
o A AVENUE - 01CY ATTN IRVING L. XOTSKY
® N BEACH, ChA 92547
. 01CY ATTHN N. HARRIS PHYSICAL DYNAMICS, INC.
48 01CY ATTN J. MOULE P.0. BOX 3027

) 01CY ATTN GEZORGE MRUZ BELLEVUE, WA 98009
s 01CY ATTN W. OLSON 01CY ATTN c.J. FREMCUW
&; C1CY ATTN R.W. HALPRIN
ey 01CY ATTN TECHNICAL PHYSICAL DYNAMICS, INC.
A LIBRARY SERVICES P.O. EJX 10367

OAKLAND, CA 94610

oS
(Y

- MISSION CCRZORATION ATTN A. THCMSOX
"y 725 STATE
i~ SANTA 3ARBARA, Ci 32101 R & U ASSCTIETES
5 01CY ; : 2.0. BOX i3
ib o1CY R MARINA DEL REY, Ca 3029°
= 21CY VEN L. GUTSCHE 01CY ATTN FORREST GIL
Iy 21cy 3 30CuUscH 01CY ATTN WILLIEY 3. , SR
Y 210¥ AT 7. HENDRICK 01ZY  ATTN WILLIZM C
X S1IY AT RALPE ¥ILB 01CY  ATTH cEY
A 01CY ATTN DAVE SOWLE 01CY ATTN MACDONALD
Wy 01CY ATTH F. FAJEX 01CY ATTN LAMB
o S1TY  ATTH M. 3CHEISE 01CY ATTX BOVER
v 017CY  ATTN CONRAD L. LONCMIRE
g 51CY  ATTHN 3. WHITE RAYTHEON €O
N SUZY ATTH R. STAGHT 528 20STON PCST RGAD
[ 3U23URY, va 2177
o “I33I0K RES 5 oCCEe. J12Y  ATTH ZARBARL LDAMS
o 1720 RANDOL SAaD, 5.2
° 1L3UQUIRQUE 27158 SIVERSICE
: 3PCY 0 RL 3TELLINGWEIAT 330 WEST
. SRTR N "53 voRy,
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